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Executive Summary

As directed by Governor Jon Huntsman’s Blue RibBalvisory Council on Climate
Change (BRAC), this report summarizes present sfiennderstanding of climate change and
its potential impacts on Utah and the western WnB¢ates. Prepared by scientists from the
University of Utah, Utah State University, Brigharioung University, and the United States
Department of Agriculture, the report emphasizes tonsensus view of the national and
international scientific community, with discussiohconfidence and uncertainty as defined by
the BRAC.

There is no longer any scientific doubt that thetka average surface temperature is

increasing and that changes in ocean temperature, and snow cover, and sea level are

consistent with this global warmingn the past 100 years, the Earth’s average srfac

temperature has increased by about 1.3°F, withrabe of warming accelerating in recent
decades. Eleven of the last 12 years have beewdhmest since 1850 (the start of reliable
weather records). Cold days, cold nights, and fhast become less frequent, while heat waves
have become more common. Mountain glaciers, seasooa cover, and the Greenland and
Antarctic ice sheets are decreasing in size, globahn temperatures have increased, and sea
level has risen about 7 inches since 1900 and dbimah in the past decade.

Based on extensive scientific research, there iy vegh confidence that human-

generated increases in greenhouse gas concentmio® responsible for most of the global

warming observed during the past 50 yedtss very unlikely that natural climate variat®n

alone, such as changes in the brightness of thersaarbon dioxide emissions from volcanoes,

have produced this recent warming. Carbon dioxidecentrations are now more than 35%

higher than pre-industrial levels and exceed tlyldst natural concentrations over at least the
last several hundred thousand years.

It is likely that increases in greenhouse gas catredions are contributing to several

significant climate trends that have been obsewsz most of the western United States during

the past 50 yearsThese trends are: (1) a several day increase ifrabefree growing season,

(2) an earlier and warmer spring, (3) earlier flolsdbooms and tree leaf out for many plant



species, (4) an earlier spring snowmelt and run affd (5) a greater fraction of spring
precipitation falling as rain instead of snow.

In Utah, the average temperature during the pastade was higher than observed

during any comparable period of the past centurd aoughly 2F higher than the 100 year

average Precipitation in our state during the™@entury was unusually high; droughts during
other centuries have been more severe, prolongetwedespread. Declines in low-elevation
mountain snowpack have been observed over thespastal decades in the Pacific Northwest
and California. However, clear and robust long-tesnowpack trends have yet to emerge in
Utah’s mountains.

Climate models estimate an increase in the EaaVvésage surface temperature of about
0.8°F over the next 20 years. For the next 100sy¢he projected increase is between 3 and 7°F,
depending on a range of credible estimates of dutgreenhouse gas emissions. These
projections, combined with extensive scientificea@sh on the climate system, indicate that
continued warming will take place over the nextesal’decades as a result of prior greenhouse

gas emissiongOngoing greenhouse gas emissions at or above dulegrls will further alter

the Earth’s climate and very likely produce glolaiperature, sea level, and snow and ice

changes greater than those observed during tiec2@tury

What does this mean for UtaH?tah is projected to warm more than the averagetter

entire globe and more than coastal reqgions of thatiguous United States. The expected

consequences of this warming are fewer frost diysjer growing seasons, and more heat

waves Studies of precipitation and runoff over thetpseveral centuries and climate model

projections for the next century indicate tlatgoing greenhouse gas emissions at or above

current levels will likely result in a decline intdh’s mountain snowpack and the threat of severe

and prolonged episodic drought in Utah is redPreparation for the future impacts of climate

variability and change on Utah requires enhanceditoring and knowledge of Utah’s climate,
as well as better understanding of the impacts eather and climate on the state’s water

availability, agriculture, industry, and naturaso@rces.



1 Introduction

What do we know about climate change and its ingpact Utah and the West? As
directed by Governor Jon Huntsman’'s Blue Ribbon isaly Council on Climate Change
(BRAC), this report summarizes our current undexditag of climate change, trends and
projections for the future, and possible impacts.ftah and the western United States. Prepared
by a team of scientists and engineers from the éfeity of Utah, Utah State University,
Brigham Young University, and the United States &g&pent of Agriculture (Appendix A), this
understanding is consistent with the consensus wéwhe national and world scientific
community. Scientific confidence and uncertaintg addressed throughout the report as

directed by the BRAC and summarized in Appendix B.
2 Theconsensusview of global climate change
2.1 Evidenceof awarming Earth

There is no longer any scientific doubt that thetEa average surface temperatdrs

increasing and that changes in ocean temperatwre, and snow cover, and sea level are

consistent with this global warmingn the past 100 years, the Earth’'s average <irfac

temperature has increased by about 1.3°F (FigiHBre is very high confidence in this estimate

because it is based on data that have been cgrstuiitinized by the scientific community. The

rate of  warming has -
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warming. Based on these
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Temperature changes have not occurred uniformlyrarahe globe and vary regionally
(Fig. 2). Although most of the Earth has warmedh\greater warming over land than oceans, a
few regions have cooled. The most rapid changetise Arctic, which is warming twice as fast
as the global averag®lost of the western United States is warming fasitan the global
average

Observed changes in ocean temperature, sea leweintain glaciers, seasonal snow

cover, Arctic sea ice, and the Greenland and Antarce sheets are consistent with what is
expected from global warming. The sea surfaceugper-layers of the ocean have warmed. Sea
level has risen about 7 inches since 1900 and abmah in the past decade, nearly all mountain

glaciers are receding, sea ice in the Arctic ididiexg, and the Greenland ice sheet is shrinking.
2.2 Isrecent warming natural or human caused?

Without carbon dioxide and other greenhouse gakesatmosphere would be very cold,
almost 60°F colder than presently observed. Althotigere are natural sources of greenhouse
gasesthe amount of carbon dioxide in the atmosphere (®81s per million) is now more than

35% higher than pre-industrial levels (280 parts pallion) and very likely exceeds the highest

natural concentrations over at least the last salVbundred thousand yea(kig. 3). The added
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Changes in the Earth’s tilt and Figure 3
distance from the sun, the
brightness of the sun, and volcanic eruptions arewk to affect climate. Air bubbles in
Antarctic ice cores provide estimates of tempeeatamd carbon dioxide in the distant past.
Temperature and carbon dioxide levels show comgitdege swings between 180 and 300 parts
per million over the past several hundred thousgeats with low carbon dioxide during cool
periods (ice ages) and high carbon dioxide duriagnvperiods (Fig. 3). Although ice ages and
the intervening warm periods are caused by gracheahges in the Earth’s tilt and distance from
the sun, temperature can change more abruptly dua tomplicated interplay between
greenhouse gases and temperature. These “feedlimtke climate system are not completely
understood and remain an important scientific igeuesolve.

Humans affect the climate system through the prbolucof particulate pollution,

changes to the land surface, and greenhouse gassiens. Based on extensive scientific

research, there is very high confidence that humpamerated increases in greenhouse gas

concentrations are responsible for most of the alolwarming observed during the past 50

years It is very unlikely that natural climate variat®@alone, such as changes in the brightness
of the sun or carbon dioxide emissions from volemydave produced this recent warming.
Further, the Earth’s climate is just beginning &spond to the rapid rise in greenhouse gas

concentrations evident in Fig. 3, as discusseedtian 4.



2.3 Other recent climate trends

2.3.1 Droughts and rainfall

Although estimating precipitation around the glabedifficult, observations do reveal
regional changes in the distribution, intensityd amount of precipitation. The peripheries of the
deserts of North Africa have become increasinglg during the last 100 years and drought has
become more intense, widespread, and persistemtaimy regions since 1970. On the other
hand, the frequency of heavy precipitation haseased. For example, over the contiguous
United States, the average precipitation has iseckdy just over 10%, with over half of this
increase produced by the most extreme heavy ptatgn events. Although it may seem
contradictory that droughts are becoming more peswan many regions while episodes of
heavy precipitation are generally increasing, stitdinges are consistent with our understanding

of how global warming influences the regional disition and intensity of precipitation.

2.3.2 Sealevelrise

Mean sea level rose almost 7 inches in th® @éntury and about 1 inch in the past
decade (Fig. 4). Expansion of the water as ocsapérature increases is the leading contributor
to sea level rise with additional contributionsnfranelting glacers, ice caps, and ice sheets. The

melting of sea ice does not appreciably influerezelsvel.
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and sea level was at least 10 feet higher thanyjo&aom 2003-2005, the loss of ice from the
Greenland ice sheet was roughly equivalent to theuamt of water that flows through the
Colorado River over a 12 year period.

Antarctica has the largest floating ice shelvetheaworld, one of which is nearly the size
Utah and is 1000 feet thick. The disintegrationl amelting of floating ice shelves does not
contribute appreciably to sea level rise. The ft@ptice sheets are maintained, however, by
glaciers that flow seaward from the higher elevatontinental regions. The loss of the floating
ice shelves can accelerate the flow of continentinto the ocean, which does raise sea level.
In 2000, the 10,000 year old, 700 foot thick LarsBhlce Shelf collapsed, contributing to
accelerated ice flow from land to ocean. A smattershelf collapse has also been observed in
the Arctic.  Further ice shelf breakups will ingse sea level. Our understanding of the
mechanisms that lead to ice shelf collapse is imteta, however, so the future of ice sheets in a
warming world is presently uncertain.

Satellite observations show that the area of thaiéice cap has decreased (about 7.5%
per decade during the past 25 summers). The awdlagkness of Arctic sea ice has also
declined.



2.3.4 Hurricanes and tropical cyclones

Hurricane is the common name fort@pical cyclonein the western hemisphere.
Elsewhere they are known &gphoonsor just cyclones. The active 2005 hurricane seaso
underscores the vulnerability of the southern amstezn sections of the United States to these
weather events.

Knowledge of tropical cyclone trends is based argleerm datasets that are imperfect,
particularly before the widespread use of sateilitagery in the 1970s. With consideration of

the limitations of the existing datasets, we sunimeathe current understanding as follows:

* There has been little or no long-term trend ind@tieragenumberof tropical cyclones

that occur across the entire globe each year.

» ltis likely thatintense hurricane activithas increased over the Atlantic Ocean since
1970.

* Although global warming may affect the frequency infense hurricanes, direct
attribution for the creation of individual hurricesto global warming is not possible.

There is no doubt that the ever-growing concenrabf population and development in

vulnerable coastal regions is the primary drivertbé increasing financial losses produced by

hurricanes If present development trends continue in theggons, we can expect even larger

human and economic losses from hurricane disasters.

2.3.5 Species and habitats

Plants and animals respond not only to change$inmaie, but also to changes in their
habitat caused by fires, insect outbreaks, invasibmon-native species, human land use
patterns, etc. While it is a challenge to attrdplant and animal responses solely to a change in
climate in the presence of these other factorsua®0% of documented changes to plant and
animal species across the globe are consistentrggént climate change.

It is very likely that earlier warming in the spgns strongly affecting plants, animals,

and insects Events that are occurring earlier in the spimgude the greening of grasses and



trees, flowering of plants, migration of birds andects, and laying of eggs. For example, the
average date of first bloom for lilacs and honel&g has advanced more than a week over the
last 40 years in the western United States. Rexiemate change has led to mismatches between
bird migration timing and their insect food sourcestween insects and plant food sources, and
between plants and the birds and insects thatthelp reproduce. For example, marmots at one
location in Colorado are now emerging from hibeorabefore the emergence of plants that they
depend on for food.
There is very high confidence that the ranges afesplants and animals have moved

towards the poles or towards higher elevatioiseeline in the Canadian Rockies has advanced

upward and the distribution of high mountain plantshe Alps has shifted to higher elevations.
Butterfly ranges have expanded northward all overoge. The range of shrubs in northern
Alaska, Canada, and Russia has moved northwardtimdra regions. Hummingbirds that

formerly wintered in Mexico are now found regulairmythe Gulf Coast states.
3 Climate Changein the Western United States and Utah

It is likely that increases in greenhouse gas catregions are contributing to several

significant climate trends that have been obsesz most of the western United States during

the past 50 yearsThese trends are: (1) a several day increadeeirfrost-free growing season,

(2) an earlier and warmer spring, (3) earlier floksdbooms and tree leaf out for many plant

species, (4) an earlier spring snowmelt and run affd (5) a greater fraction of spring

precipitation falling as rain/

] )
instead of snow.In Utah, the Utah Temperature (F) 1895-2006

average temperature during

the past decade was highe

than that observed during any

comparable period of the past

century and roughly 2°F
higher than the 100 vyear

average(Fig. 6).
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releasing months of storec indicated by colored bars.

precipitation in typically 4
to 8 weeks time. The release of this stored water a short time generates the majority of
streamflow across the state.

Precipitation fluctuates dramatically in Utah frogear to year, complicating the
identification of long term trends. Using geologscords and tree rings, however, scientists have
produced estimates of river flow and precipitatianthe Colorado River Basin dating back

several hundred years. These estimates showubttined droughts are a defining feature of the

upper Colorado River Basin, which has experiencadnfiore prolonged and severe drought

than observed during the comparatively wet 2@ntury Persistent drought occurred in the late

16" century, with river flows during this period mudbwer than for any period in the 20
century. The drought of 1999-2004 was a severateweit there have been even longer and
more severe droughts in the past.

Declines in low-elevation mountain snowpack haverbebserved over the past several

decades in the Pacific Northwest and Californiawkheer,in Utah, careful analysis of long-term

(80 year) snow surveys shows no evidence for a eg-term trend in mountain snowpadk

addition, recent temperature increases in the sigpear to have had little impact on snowpack
in the high mountains of the Intermountain We&teamflows in Utah and the Intermountain
West also do not show clear trends over the pageafs.

The level of the Great Salt Lake reflects to adadggree the total precipitation received

over much of northern Utah. Several wet years ¢edigh lake levels in the mid 1980’s, while
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the 1999-2004 drought led to falling lake levelgg(F). The causes for these swings in basin
precipitation are not completely understood, andhia time, there is no clear linkage between

recent global warming and precipitation within thesin of the Great Salt Lake
4 Projectionsfor futureglobal climate change
4.1 Overview of climate models

The Earth’s climate is too complex to assess aratlighr by physical reasoning or
laboratory experiments alone (Fig. 8). Thereforeiergtists use well-established physical
principles to build sophisticated computer codesclonate models, which simulate the past,
present, and future climate. These models can é@, @isr example, to understand how the build-
up of greenhouse gases or a volcanic eruption nmgidify temperature, rainfall, snow cover,

winds, soil moisture, sea ice, and ocean circutatio
4.2 Strengthsand limitations of climate models

Unlike weather forecast models, climate modelsraeintended to forecast what will

happen on a particular day in the

. Modeling the Climate System
future. Rather, climate models al
designed to estimate the avera P B o g 7o
s Enengy Cutgoing Heat
conditions over many years. The l L e, ST
is considerable confidence tha Evaparatie

Cumubis Cirrus Clouds Atmospharic
Clouds: GCM

today's climate models providg

Atmosphere
(Temperature, Winds,
and Precipifabon )

credible estimates of future climat
for the Earth as a whole and fq
large regions like entire continent
This confidence is derived from th
ability of climate models to
reproduce many observed featur
of recent and past climate. |

addition, confidence is improved b
Source: Karl and Trenberth (2003)

Figure8

11



evaluating the results from a number Future Greenhouse Gas Scenarios

of different models. ' l
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simulate the impact of individual mountain rangedUtah. For this and other reasons, climate
model projections become less reliable for paricuégions, states, or locations.

4.3 Futuregreenhouse gas scenarios

Estimates of future greenhouse gas concentrataatied scenarios, are used to produce

different projections for future climate (Fig. 9hree commonly used scenarios are:

» 2xCO2 which projects that greenhouse gas concentrasitaislize by the end of the

21% century at double their pre-industrial levels.

» 2.5xC0O2 which projects that greenhouse gas concentrateath 2.5 times their pre-
industrial levels by the end of the century.

» 3xC02 which projects that greenhouse gas concentrateath three times their pre-
industrial levels by the end of the century

A fourth hypothetical scenario,_ 20th century stabiion, assumes greenhouse gas

concentrations remain at year 2000 levels. Sinezrdgrouse gas concentrations are already
above year 2000 levels and climbing, this scendiustrates the anticipated response of the
Earth’s climate to emissions that have already wedu

2 The Intergovernmental Panel on Climate Change Q)P@fers to the 2xCO2, 2.5xCO2 and 3xCO2
scenarios as B1, A1B, and A2, respectively.
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4.4  Projected changes

Climate model projections
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4.4.1 Temperature

Climate models project an increase in the Earthieyage surface temperature of about
0.8°F over the next 20 years. This projected wagns largely independent of future emission
scenarios (2xCO2, 2.5xC0O2, or 3xCO2) and is pripatie result of prior and current
greenhouse gas emissions. By 2100, climate mgulejsct an increase in global mean surface
temperature of between 3 and 7°F, with greater waygror larger projected increases in carbon
dioxide (Fig. 10). For each scenario, the projeet@dming differs between climate models, but
these differences are small compared to the sizbeoboverall warming. Because the Earth’'s
climate takes time to respond, warming (as welicasmelt and sea level rise) continues for
centuries after greenhouse gas concentrationdizstalas illustrated by the 1.1°F of warming
projected by the hypothetical @entury stabilization scenario by 2100.

Some general statements about the expected spiatidution of the warming (Fig. 11)

are:

» Areas that have experienced the most warming duiliegpast few decades will

experience the most warming in the future;

13
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» Warming will be greater /

over land than over|

oceans;

« Warming will be greater : e |
over the interiors of the '

continents than at the

coasts;

*  Warming will be greatest\].\__fa e a5 4 72 ool /

Co
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in the Arctic; Figure 11. Projected surface temperature change from

the late 20" century to the late 21 century.
*  Warming will be larger in

winter than in summer.

Utah is projected to warm more than the averageths entire globe and more than

coastal regions of the contiguous United Statese @xpected consequences of this warming are

fewer frost days, longer growing seasons, and rhead wavesFor Utah, the projected change

in annual mean temperature under the 2.5xCO2 sodmathe end of this century is about 8°F,
which is comparable to the present difference inuah mean temperature between Park City
(44°F) and Salt Lake City (52°F).

4.4.2 Rainfall, storms, and

weather

Aanges in Precipitation (inches per year) for 2.5xC0O2

In contrast to temperaturg
which is projected to increas
everywhere, changes in
precipitation vary regionally ang

there is greater uncertainty abo

the model projections. The climat
Source: IPCC {Meaehl et al. 2007)

models project more precipitation ISR | [l [ I
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Figure 12. Projected change in precipitation from the
late 20" century to the late 21% century.
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for the mid and high latitudes and drying acrossstraf the subtropics including southwest

North America, Mexico, North Africa, and southerar&pe. There is a general tendency among
the models for more frequent heavy precipitatiorernes, separated by longer dry spells,

especially in Utah and the western United States.

4.4.3 Sealevel

It is likely that sea level will continue to ris¢ rates at or above those observed in the

20" century There are two major contributors to sea levad.ri The first is that water expands
as it warms, called thermal expansion. The sec®ndter flowing into the oceans from melting
glaciers, ice caps, and ice sheets.

Current climate models project a sea level rise ahlg to thermal expansion of 7 to 23
inches by the end of the 2Tentury, depending on which emissions scenario randel is
considered. Any shrinking of the Antarctic and &vand ice sheets, which is not included in
current climate model projections, will lead to dmhal sea level rise. Due to the slow response
of the Earth’s climate, sea level rise will congnéor many centuries after greenhouse gas

concentrations are stabilized.
45 Projected impacts

45.1 Projections for human health and diseases

Negative health effects associated with climatenghaare expected to outweigh positive

ones, particularly for those in developing coundrie The consequences for society will be

strongly regional, with people in poor regions extpd to be most vulnerable as they have less
capacity to adapt and depend generally on locatidyced food and water. These consequences
include increases in deaths, disease, and injdiesto heat waves, extreme weather events,
malnutrition (caused by crop failure), intestinabahse, and allergy-causing pollen. Cold
exposure deaths are expected to decline. Clintsd@ge will also alter the transmission of
infectious diseases such as cholera, malaria, abdric plague. The production of near-surface
ozone and associated cardio-respiratory diseasepéested to increase.
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4.5.2 Projections for agriculture and food production

At mid- to high latitudes where increased precippta and a longer growing season are
expected, crop productivity will likely increasegéitly for local temperature increases of 2-5°F
(depending on the crop), above which productivityl @wecline in some regions. At lower
latitudes, crop productivity is projected to deseaven for small temperature increases. Where
susceptible, increases in the frequency of droughksffect agricultural production. Changes in
the distribution and population of insects and asmwill likely have positive and negative
effects on crops through changes in the magnitlodation, and timing of insect damage and
pollination.

4.5.3 Projections for biodiversity

The biodiversity of plants, animals and other orgaus on the earth is decreasing
dramatically, representing the sixth major extimetevent in the history of life. While climate
change is a factor in decreasing biodiversity, othwdifications of the environment are
primarily responsible, including human land useriadtural and hunting/fishing practices,
pollution, and introduction of non-native species.

Estimates of the influence of climate change omlibb@sity suggest that 20-30% of all

known plant and animal species will be more vulbérao extinction during the next century.

Climate change will probably not influence biodisity by itself; instead, pressures from land
use change or the other factors listed above wilingreased by climate change. Depending on
the projection scenario, more than half of planécsgs in Europe could be vulnerable or
threatened by the late 2tentury. Twelve percent of all known bird species estimated to be
threatened currently with extinction, and this ¥ipected to be larger with global warming.
Species whose home range is restricted by cold émtyres at high latitudes or altitudes, or

whose habitat is limited by land use change, ahegier risk.
4.6 Feedbacks, tipping points, and the threat of catastrophic climate change

Climate feedbacks are important for future climateange because the warming
produced by increased greenhouse gas concentratgan®e amplified (or reduced) by other

indirect effects. For example, as greenhouse gamimg melts arctic sea ice, sunlight that was
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previously reflected back to space by the ice iw rabsorbed by the dark ocean. This is a
“positive feedback” that results in additional wammn These feedbacks are very important, since
they can increase or reduce the initial temperathange by large amounts. Uncertainties in
feedbacks are partly responsible for the fact thHerent climate models produce different
amounts of warming in the 2Tentury.

“Tipping point” has been used to describe the éngssf a threshold greenhouse gas
concentration beyond which we cannot avoid catpktooclimate change. What constitutes
catastrophic climate change is somewhat arbitrawy,the inability to maintain sea level near
current levels is a common definition. For exampkegreenhouse gas concentrations increase, a
threshold may be reached whereby we are committedsiow but major rise in sea level. It is
likely that tipping points exist in the Earth'snohite, as indicated by dramatic climate shifts over
the past several hundred thousand years (e.g., 3ig. At the current level of scientific
understanding, it is unclear where these tippiniptpcare or if they have already been passed.

Identifying these tipping points represents an irtg@ scientific problem since catastrophic,

abrupt climate change represents the greatest pialemisk from rising greenhouse gas

concentrations.

5 Climate change and impacts on Utah

Climate change is expected to vary regionally, dattmates of future regional climate
change and its impacts on specific states areckssain than global estimates. It is with this in
mind that the following discussion considers théeptal impacts of projected future climate

change on Utah and the Intermountain West.
5.1 Impactson snowpack, water supply, and drought potential

Ongoing greenhouse gas emissions at or above dutesels will likely result in a

decline in Utah’'s mountain snowpack and associatieginges to spring runoff Year-to-year

variations in snowfall will continue to dominate ormain snowpack, streamflow, and water
supply during the next couple of decades. As teatpe increases through the century, it is

likely that a greater fraction of precipitation Wiall as rain instead of snow, the length of the

17



snow accumulation season will decrease, and sndwlpas due to evaporation will increase.

Trends that are likely to emerge as the climatengaduring the ZLcentury include:

A reduction in natural snowpack and snowfall in geely and late winter for the
winter recreation industry, particularly in lowertnid elevation mountain areas

(trends in high elevation areas are unclear).
* An earlier and less intense average spring rumoffdservoir recharge.

* Increased demand for agricultural and residentiggation due to more rapid drying

of soils.

« Warming of lakes and rivers with associated changesaquatic life, including

increased algal abundance and upstream shiftstohfbitat.

Future water supplies are strongly dependent og-term trends in precipitation. If
average precipitation remains similar to that af #6" century, the changes noted above will
result in a declining water supply. This declindl e exacerbated if the region becomes more
arid. An increase in precipitation is requiredftset the changes noted above. Current climate
models project a decline in summer precipitatiomose all of Utah. During the winter,
projections indicate a decrease in precipitatioardkie southwest United States and an increase
in the northwest. Utah is located in the transizone between these regimes where there is low
confidence in future precipitation trends. Althbug shift to a wetter climate cannot be ruled
out, it is more likely than not that water supplies inabd and the Colorado River Basin will

decline during the Zicentury In addition, since precipitation will continue fluctuate from

year to yearthe threat of severe and prolonged episodic droigghgal and ongoing

5.2 Impactson the Great Salt Lake

Year-to-year variations in mountain snowfall withrtinue to drive runoff in the Great
Salt Lake Basin and the level of the Lake (tempeeatind evaporation of lake water plays a
secondary role). There is limited ability to prdihese variations and associated changes in

lake level under current climate conditionsAs temperature increases, however, expected

declines in mountain snowpack will likely lead twér average lake levels and increased
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average salinity unless average winter precipitatimcreases These changes will affect

wetland habitat and wildlife, as well as commer@ald recreation activities that rely on the

Lake. How soon these changes will occur remainttear.
5.3 Impactson agriculture

Agriculture in Utah produces over $1 billion in bagceipts annually, with livestock and
related products accounting for about 80% of tigare. Agricultural irrigation covers about 1.5
million acres and is the primary use of developeatew in the state. Future agricultural
productivity is affected not only by climate chanbat also factors such as agricultural research
and practices, expansion of urban development fammland, etc. Based solely on climate

change per-acre crop yields in Utah will likely increasa arigated fields provided (1) water

remains available for irrigation and (2) temperatsr do not increase beyond crop tolerance

levels. Pasture vields and livestock forage wKely decline on non-irrigated field€limate

change may also have indirect effects on crop gi¢hdough changes in the distribution and

population of insects and animals, which affectdinettion and crop damage.
5.4 Impactson human health

Impacts on human health are difficult to discerrcdese they are also dependent on

technological adaptation and other non-climaticttas. For example, human mortality during

heat waves is strongly influenced by the availgbitf residential air conditioning. If non-

climatic factors do not change, expected impactswnan health include:
* Increased heat-related illness and mortality.
» Decreased hypothermia related deaths.

* Increased ground-level ozone concentrations andceded cardio-respiratory

diseases.

» Changes in the distribution and morbidity of dissathat are transmitted by insects

and animals.
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5.5 Impactson forests, wildlands, and wildfire

Forests and wildlands are adapted to recent climatnditions and variability, but the

rate of temperature change expected during the cextury will greatly exceed that produced

naturally over the past several thousand yeaEorests, wildlands, and wildfires will also be

affected by management practices, and other fastais as land-use change. In isolation, future

climate change is likely to contribute to:

» Drier conditions and increased wildfire intensity.

* More insect outbreaks and reduced forest health.

* Movement of tree and plant species ranges to higleeations.
5.6 Impactson soils

Because of increasing temperature, soils are esgéatdry more rapidly, which will
likely increase soil vulnerability to wind erosioithis will increase dust transport during high
wind events, particularly from salt flats and daké beds such as Sevier Lake. Dust deposited

on mountain snowpack also accelerates spring sntiwme
6 Improving assessments of climate change impacts

Preparation for the future impacts of climate vdnii#y and change on Utah requires

improved monitoring and knowledge of Utah’s climae well as better understanding of the

impacts of weather and climate on the state’s waiedilability, agriculture, industry, and

wildlife. While considerable progress has been made oeepdbt decade to understand and
project the consequences of increasing greenhoasecgncentrations globally, much work
remains to improve understanding of the consequeiacdJtah. Advances in our understanding
and predictive abilities will enable the most effee adaptation to and mitigation of future

climate change for Utah’s citizens, economy, arndnaaresources.
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For Morelnformation

Climate Change 2007: The Physical Science Basis

Summary for Policymakers: http://www.ipcc.ch/WG1 MsPL7Apr07.pdf
Frequently Asked Questions: http://ipcc-wgl.ucar/ed1l/Report/ARAWG1_FAQs.pd
Full Report: http://ipcc-wgl.ucar.edu/wgl/wgl-redoml

Climate Change 2007: Impacts, Adaptation, and \iabiity

Summary for Policymakers: http://www.ipcc.ch/SPMARY .pdf
Full Report: http://www.gtp89.dial.pipex.com/chytrh

Drought in Utah: Learning from the Past — Preparifuy the Future
Full Report: http://www.water.utah.gov/DroughtReloinder2A.pdf
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Appendix B: Scientific Confidence and Uncertainty

As directed by the BRAC this report addresses ssfi€onfidence and uncertainty. The

report follows the guidelines used by the Intergowgental Panel on Climate Change (IPCC) for

their Four Assessment Report (available in full at

http://www.ipcc.ch/activity/uncertaintyquidancengdf). Both

level of confidence and

likelihood based on quantitative analysis or expaigment are used and reflect definitions as
outlined in the tables below.

Table 1. Leves of confidence

Terminology Degr ee of confidence in being correct

Very high confidence At least 9 out of 10

High confidence About 8 out of 10

Medium confidence About 5 out of 10

Low confidence About 2 out of 10

Very low confidence Less than 1 out of 10

Table2. Likelihood

Terminology Likelihood of the occurance/outcome

Virtually certain Greater than 99%
Very likely
Likely

About as likely as not

Greater than 90%
Greater than 66%
33 to 66%

Very unlikely Less than 10%

Exceptionally unlikely Less than 1%
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